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A Multiphase flow applications

A Modeling multifluid flows with volume of fluid (VOF)
I Numerical algorithm
I Volume fraction advection schemes
I Test problems

A Multifluid flows with large, discontinuous density jumps
I Difficulties, solution, and test problems

A Incorporating additional interfacial physics
I Surface tension
I Wall adhesion

A Conclusion
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Multiphase flow is the simultaneous flow of material in different
phases or in the same phase but with different flow properties

Liquid-Gas (multifluid)

A Atomization of cryogenic propellant
A Fuel sloshing in tanks

A Lubrication systems

Liquid-Liquid (multifluid)
A Oil dispersion in water
A Microfluidics

Liquid jet atomization (Van Dyke M., 1982)

Gas-Solid I &
A Particle-laden rocket plumes \“ \
S

A Dust storms

Liquid-Gas-Solid
A Additive manufacturing
A Nuclear and chemical reactors

Melt pool in laser additive manufacturing (www.stratonics.com)
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&

& Modeling multiphase flow with VOF N@

ANALYSIS WORKSHOP

Volume of Fluid (VOF) method:
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VOF representation of a fluid interface
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Pressure-velocity coupling

Two-step projection method:

1. Calculate provisional velocity (u*) ignoring pressure gradient term

(pu)” = (pw)" L e AL =V (pu®u),
At = —Aj +Dj + Fj D} :V-M(VquVuT)n

Solve Poisson equation for pressure

1 . 1 .
V- (anVp +1) :Ev-u

Correct provisional velocity to be divergence-free
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Numerical approach

Discretization AR
A Finite volume on staggered, Cartesian
grid Jp ° 1(9;,;,' ® Uit1/2j

AVan Leerods scheme for @:C)f’nvecti

Elliptic solver i
A Geometric multigrid

1 h2
k+1 k+1 k+1 :
V2p = f p@j = Z( ij_l,j + piﬁ_'_l’j +pi3_fl + pﬁj+1) - Zfz"? Gauss-Seidel
G(h) G(h)
G(2h)
G(h) G(2h) Two-grid V-cycle
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Elliptic PDE solver

Multigrid test problem
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Re = 40,000
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Solvmg —+v (cu) =0 With upwind finite differences

Translational Flow Shearing Vortex Rigid-Body Vortex
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